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A synthetic analysis of molecular, fossil and
biogeographical data gives a remarkably consistent
scenario for the evolution of the catarrhine primates —
the hominoids and Old World monkeys. This analysis
supports the African location of the common ancestor of
the Old World monkeys, and suggests that the Asian
colobine monkeys and macaques dispersed out of Africa
into Eurasia within the past ten million years. More
interestingly and controversially, this analysis further
suggests that the lineage leading to the living hominoids
dispersed out of Africa about twenty million years ago,
and that the common ancestor of the living African apes,
including humans, migrated back into Africa from
Eurasia within about the past ten million years.
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Introduction
The hominoids — apes and humans — and Old World
monkeys are collectively named the catarrhine primates.
Today, with the exception of humans, the catarrhines are
native to Africa and southeastern Asia, but the fossil record
indicates that apes and monkeys were also present in
Europe and western Asia during the Miocene, from about 5
to 17 million years ago [1,2]. The African and Eurasian land
masses have often been separated by water, which imposes
a barrier to dispersal of land mammals. Furthermore, north-
ern Africa and southwestern Asia have sometimes had, as
they have now, a desert-like environment that is unsuitable
for forest-dwelling species. The exact times, locations and
environments of the various land bridges between Africa
and Eurasia are still under debate (see Figure 1), but it is
clear that the catarrhines must have moved between the
two land masses several times during evolutionary history
to account for both their genetic relationships and geo-
graphical distributions. Despite many years of study by sci-
entists from diverse disciplines, the geographical origins,
dispersal patterns and evolutionary histories of the
catarrhine primates remain controversial [1–4].
As discussed here, however, we find that recent parsimony
analyses of key catarrhine fossils, numerous molecular
phylogenetic studies and the geographical distributions of
the species can be integrated to give a consistent scenario
for the evolutionary history of this group. The well-dated
phylogeny that emerges provides a powerful framework
for the study of the rate and mode of molecular evolution
in the primates (see [5], for example). Such a phylogeny is
necessary for a correct evolutionary interpretation of the
vast amounts of sequence data that are being generated by
the human genome project, for only in this context can we
identify those genetic changes that are uniquely human.
Phylogenies and fossils
The genetic relationships among the living hominoids
have been the subject of numerous molecular studies over
the past 30 years, and the branching order of the genera is
now known with statistical certainty (see [6] and refer-
ences therein). Recent DNA sequencing studies (see
[5,7–10], for example) have focused upon resolving the
genetic relationships among the major lineages of Old
World monkeys. However, a complete evolutionary tree,
or phylogeny, includes both the branching order and times
of divergence of the species. Estimation of divergence
dates within molecular phylogenies requires external cali-
bration of the rate of molecular evolution, typically
through interpretation of a few key fossils from the group
of interest. From the early catarrhine fossil record (see
below), the date of divergence of the Old World monkey
and the hominoid lineages has often been estimated to be
about 25 to 30 million years ago [11,12]. 
In the past, the presumed phylogenetic relationships of
fossil primates have been based primarily on the informed
opinions of paleoanthropologists; even the most thorough
studies typically applied cladistic analysis of selected mor-
phological characters by hand, without computer-assisted
searches for most-parsimonious trees — those trees that
require the fewest evolutionary events to explain the data
— or quantitative comparison of competing hypotheses
[13]. Some paleoanthropologists have begun to present
their data matrices, to explicitly state their assumptions
and to adopt computer-assisted phylogenetic analysis
[4,11,13–15], as routinely done by other evolutionary biol-
ogists [16]. Such explicit presentation is needed, as the
scoring of morphological characters is often quite subjec-
tive, and assumptions can influence the outcome. Further-
more, as fossils are fragmentary, their placement in trees is
based on comparatively few morphological characters. 
Several recent papers [4,11,14,15] present the most
explicit and rigorous analyses to date of the phylogenetic
positions of extinct catarrhine species. Most notably,
Begun et al. [4] have collaborated in tallying 240 morpho-
logical characters (both cranial and post-cranial) from the
living hominoids, and then scored those characters present
in the nine most complete hominoid fossil species avail-
able. (Approximately 20 other genera of Miocene fossil
hominoids have been described [1], but the highly frag-
mentary nature of most of these fossils may preclude their
use in meaningful phylogenetic analyses [2].) Begun et al.
[4] then performed computer-aided parsimony analysis
[17] on this large dataset to find most-parsimonious trees.
Such computer-based analysis allows complete and objec-
tive evaluation of the data with respect to the numerous
possible relationships of the living and fossil species,
which cannot be done by hand. 
A synthesis
We have synthesized these recent parsimony analyses of
catarrhine fossils [4,11,14,15] with the molecular
phylogenies of the living species [5–11,18], and find that
the estimated dates of divergence are internally consistent
(Figure 2). That is, using one fossil divergence date to
calibrate a molecular clock yields divergence estimates
compatible with other dates derived from the fossil record. 
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Potential contacts between Africa and Eurasia during the past 40
million years, based upon geological and faunal evidence (after
[28,29]). (a) Late Eocene, approximately 40 million years ago. The
Tethys seaway prevents migration between Africa and Eurasia.
Uplifting in the western region of the Arabian peninsula coincides with
the rifting of the future Red Sea. (b) Early Miocene, approximately 20
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We then mapped the geographical locations of the living
and fossil species onto this evolutionary tree in the most-
parsimonious way, allowing us to infer the geographical
locations of the ancestral lineages, and therefore the
minimum number of catarrhine dispersal events between
the African and Eurasian land masses. (We exclude con-
sideration of post-Australopithecus dispersals of the genus
Homo out of Africa.) We shall briefly discuss this synthetic
hypothesis and some of its implications for Old World
monkey and ape evolution. We must note that the migra-
tion scenario for the hominoids that we present does not
represent the consensus opinion of primatologists at this
time, although some authors [3,4,19,20] have seriously
considered similar scenarios.
Early catarrhines
The oldest fossil on the tree in Figure 2 is Aegyptopithecus,
which is most-parsimoniously placed on the ancestral
catarrhine lineage [11,15]. This fossil genus is African,
and is found from about 33 to 34 million years ago. As
Aegyptopithecus looks like an ancestral catarrhine, 34
million years ago has often been assumed to be the earli-
est possible divergence date for the lineages leading to
the Old World monkeys and hominoids. But this would
be true only if Aegyptopithecus were directly on the stem
lineage leading to the living catarrhines. If, instead,
Aegyptopithecus were a sister group to the real stem
lineage, then it would attach to the lineage earlier than 34
million years ago and the divergence date of the Old
Figure 2
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A synthetic hypothesis of catarrhine primate evolution. The branching
order shown for the living species is well-supported by numerous
molecular phylogenetic studies (for example [6–12,18,24,25]). We
present the dates of divergence calculated by Goodman and
colleagues [11], on the understanding that these are still rough
estimates and more precise measurements are needed, especially for
the Old World monkeys. The fossil species (genus names in italics)
were placed on this tree by parsimony analyses of relatively large
morphological datasets [4,11,14,15]. Known dates for fossils [1,2,21]
are indicated by the thicker lines; these lines are attached to the tree
as determined by the parsimony analyses, although the dates of the
attachment points are our best guesses. Species found in Africa are in
red and species found in Eurasia are in black. The continental
locations of the ancestral lineages were inferred by parsimony using
the computer program MacClade [30]. The intercontinental dispersal
events required, at a minimum, to explain the distribution of the living
and fossil species are indicated by the arrows.
World monkey and hominoid lineages could be earlier.
These two possibilities are illustrated in Figure 2 for
Aegyptopithecus. This difficulty, however, applies to the
use of any fossil for establishing the earliest possible
divergence date of two lineages. 
In contrast, establishing the latest date that two lineages
could have diverged is theoretically straightforward: the
age of a fossil that belongs on either descendant lineage
sets the most recent date that the two lineages could have
diverged. As an example, parsimony analysis [11] of frag-
mentary remains from the extinct east African monkey
Victoriapithecus places this genus on the Old World
monkey lineage after its divergence from the hominoid
lineage, but before the divergence of the two major clades
of extant Old World monkey species, the colobines and
the cercopithecines (see Figure 2). This relationship was
also proposed in the recent description of a beautifully-
preserved cranium from Victoriapithecus [21]. Evidence
exists for Victoriapithecus occurring from about 15 to 17
million years ago, but Old World monkey teeth, which
have distinctive bilophodont molars, have been found that
are about 19 million years old. Similarly, three African
fossil genera —Proconsul, Afropithecus and Kenyapithecus —
are placed on the early hominoid lineage by parsimony
analysis [4,11]. Proconsul remains are found in deposits
that are 17 to 20 million years old, with some possibly both
younger and older. Taken together, the phylogenetic
placements and dates of these fossils would mean that the
Old World monkey and hominoid lineages must have
diverged before about 20 million years ago. 
The often-assumed catarrhine divergence date of 25 to 30
million years ago thus appears reasonable, although logi-
cally this date could be earlier or slightly later. Moreover,
this time range is consistent with estimates derived from
multiple genetic datasets calibrated by other catarrhine
fossils. For example, using as calibration points the fossil-
based dates of either the Sivapithecus–orangutan diver-
gence (about 13 to 14 million years ago) or the
cercopithecine–colobine divergence (about 14 to 15
million years ago) discussed below, analysis of multiple
genetic datasets gives estimates ranging from 24 to 28
million years ago for the Old World monkey–hominoid
split ([11,12] and our unpublished analyses). Additional
fossils closer to this key divergence would help pin down
this date; parsimony analysis of catarrhine biogeography
(Figure 1) supports the view that such fossils will be
found in Africa. 
Old World monkeys
From the limited molecular data published for both the
colobines and cercopithecines, their divergence date has
been estimated to be about 14 million years ago [11]. This
estimation is consistent with recent analysis of the
Victoriapithecus materials [21] suggesting that the
colobine–cercopithecine divergence was less than 15
million years ago. But as Victoriapithecus was probably a
sister group to the living Old World monkeys [21], this
date could be earlier. Determining the latest date for this
divergence is also difficult, as virtually no Old World
monkey fossils (or, indeed, appropriate African fossil beds)
are known for the period between 10 and 15 million years
ago. Nevertheless, the divergence of the colobines and
cercopithecines must have occurred before 10 million
years ago, as fossils of colobines (which have sharper
bilophodont teeth than other Old World monkeys) have
been found in Africa that are about this old [1,22]. 
Recent molecular studies [5,7,10] have shown that, con-
trary to some morphological interpretations [23], the
Bornean proboscis monkeys branch with the other Asian
colobines, and together form a clade with respect to the
African colobus monkeys (Figure 2). The molecularly-
estimated divergence date of the Asian and African
colobine clades is about 10 million years ago [11]. The
most-parsimonious explanation for colobine origins is that
they first evolved in Africa, and then dispersed into Asia
([10]; Figures 1 and 2) less than 10 million years ago. Con-
sistent with this inference, the fossil colobine species
Mesopithecus appeared in Europe and western Asia by at
least 8.5 million years ago (and perhaps as early as 10
million years ago) [1,22], and colobine fossils become rela-
tively abundant in southern Asia by 7 million years ago
[22]. Today, approximately 24 species of colobine
monkeys are found in southern Asia. 
There are several major lineages of cercopithecines, some
of unresolved relationship [8,12]. The earliest divergence
is probably between a clade composed of the
cercopithecines (such as guenons, talapoins and green
monkeys) and one composed of the papionins (such as
macaques, baboons and mangabeys) [8,12]. This diver-
gence has been estimated from molecular data to be
about 10 million years ago [11]. Most living cercop-
ithecine species, including the Barbary macaque, live
only in Africa, although about 15 other species of
macaques occur in southern and eastern Asia. Recent
molecular studies [9,18] have confirmed that the Asian
macaques form a clade with respect to the Barbary
macaques (see Figure 2), as proposed by many morpholo-
gists. As with the colobines, the biogeographical analysis
shown in Figure 2 suggests that the cercopithecines first
evolved in Africa, and that the Asian macaque ancestral
lineage dispersed out of Africa within the past few million
years [18]. Again, the fossil record appears to be consis-
tent with this logical inference; the earliest cercop-
ithecine fossils known in the Eurasian fossil record are
macaque-like and appear in Europe at about 5.5 million
years ago (E. Delson, personal communication). Around
this time, the Mediterranean Sea had dried up, allowing
free passage of many land species. 
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Hominoids
These dispersal scenarios for Old World monkeys would
not appear to be highly controversial, as most primatolo-
gists seem to accept the African origin of the Old World
monkeys. The dispersal scenario that our synthetic analy-
sis supports for the hominoids has, however, aroused
vehement discourse, both in print and in dialogue, so we
shall clearly outline our assumptions and reasoning. First,
we assume that dispersals to and from Africa are equally
likely events. Second, we take as a given the branching
order of the living hominoids determined by molecular
studies (Figure 2) [6]. Third, we assume an African origin
for the ancestor of the living catarrhines, as suggested by
the biogeographical analysis in Figure 2. 
Given these assumptions, if one considers only the
phylogeny and distribution of the living catarrhines, two
scenarios are equally parsimonious (Figure 3, top trees), in
that they each require a minimum of two dispersal events.
In scenario A, the lineage leading to the ‘lesser’ apes (the
gibbons and siamangs) dispersed out of Africa to Eurasia,
leaving representatives of the lineage leading to the ‘great’
apes (orangutans, African apes and humans) in Africa. Sub-
sequently, the lineage leading to modern orangutans, which
are currently restricted to Borneo and Sumatra, left Africa,
while the African ape ancestor remained behind. In sce-
nario B, the common ancestor of all living apes dispersed
out of Africa, and then speciated into the lesser and great
ape lineages in Eurasia. Subsequently, one of the great ape
species dispersed back into Africa; this lineage eventually
speciated into gorillas, chimpanzees and humans. 
Scenario B was advocated over 20 years ago [20] on the
basis of the branching order of the living hominoid
species. From an analysis of just the living species,
however, the alternative scenario of two independent
migrations into Asia cannot be ruled out by parsimonious
reasoning (Figure 3, top trees). It is only when the fossil
species are placed in the most-parsimonious fashion on
the known hominoid phylogeny that dispersal scenario B
is clearly favored over scenario A (Figure 3, bottom trees).
Scenario A now requires at least six independent dispersal
events of hominoids from Africa into Eurasia — one for
each of the living and fossil Asian hominoid lineages that
attach to the hypothetical African ancestral stem of the
tree (Figure 3, bottom left tree). Note that Scenario A
would require that a land bridge, with habitat suitable for
primates, existed between Africa and Eurasia more-or-less
continuously from about 10 to 20 million years ago. Fur-
thermore, the hypothetical African hominoid stem lineage
appears to have left no trace in the fossil record, in that
none of the African fossils is placed by parsimony in the
Eurasian portion of the tree (that is, between the points
labeled X and Y in Figure 2).
Figure 3
Two dispersal scenarios for the hominoids,
both assuming an African origin for the
catarrhines. As in Figure 2, species found in
Africa are in red and species found in Eurasia
are in black, and arrows indicate the
intercontinental dispersal events required to
explain the distribution of the living and fossil
species. Scenario A: separate dispersal
events from Africa to Eurasia for each of the
Eurasian hominoid clades. Scenario B: the
common ancestor of all living apes dispersed
out of Africa, and later the common ancestor
of the modern African apes (gorillas,
chimpanzees and humans) dispersed back
into Africa. For just the living species (top
trees), these two scenarios are equally
parsimonious, in that each requires two
dispersal events (arrows). When the fossil
lineages shown in Figure 2 are included,
scenario B is favored, as scenario A now
requires a minimum of six independent
dispersal events, whereas scenario B still
requires only two (bottom trees). Note that the
exact branching order of the Eurasian fossil
species does not matter for this argument, so
long as the fossils do not all branch with the
gibbon or orangutan clades; we emphasize
this by not naming the fossils in this figure.
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In contrast, Scenario B still requires only the two hominoid
migration events shown in Figures 2 and 3 (bottom right
tree). Scenario B is thus favored by parsimony. In scenario
B, about 20 million years ago an early hominoid species
dispersed out of Africa into Eurasia, leaving species such
as Kenyapithecus in Africa. This Eurasian hominoid lineage
speciated into the lesser and great ape lineages about 18
million years ago.
Consistent with widely-held belief about the phylogenetic
affinity of Sivapithecus [1,4], parsimony analysis places this
fossil on the orangutan lineage [4,11,14]. Sivapithecus was
found in southern Asia from approximately 7 to 13 million
years ago [1], so the lineage leading to orangutans must
have diverged from the lineage leading to the African apes
before this time. Begun and colleagues [4,14] most-parsi-
moniously place the hominoid fossils Dryopithecus and
Ouranopithecus (also named Graecopithecus) on the lineage
leading to the African apes (Figure 2). Dryopithecus was
found in central and western Europe at about 8.5 to 13
million years ago, and Ouranopithecus and its close relatives
were found in Greece and Turkey from about 7.5 to 9.5
million years ago [16]. These fossils provide independent
markers for the divergence of the two major lineages of
great apes, again which logically must have occurred
before 13 million years ago, if the placement of these
fossils is correct. This fossil-derived date is consistent with
the molecularly-estimated divergence date of 14 million
years ago, which was calculated using large molecular
datasets and assuming 25 million years ago as the date of
divergence of the Old World monkeys and hominoids [11]. 
If correct, the synthetic phylogeny shown in Figure 2
places certain constraints on our views of primate
evolution, and not just about fossils. For example, from
analysis of limited molecular sequence data, some authors
[19,24] have estimated that the divergence between the
gibbons and great apes occurred about 12 to 13 million
years ago. In stark contrast, from mitochondrial DNA
sequences, others [25] have claimed that this divergence
date is approximately 36 million years ago. This early date,
while hard to rule out logically for the reasons explained
for Aegyptopithecus, is not consistent with the primate fossil
record, which contains no evidence of apes before about
20 million years ago. The more recent dates are incompat-
ible with the Dryopithecus and Sivapithecus fossils, which set
the divergence of the orangutan and African ape lineages
at earlier than 13 million years ago. The phylogenetic
placement of these ape fossils also rules out a recent esti-
mate of the orangutan divergence date at 8.2 million years
ago, which was calculated using a few protein-coding
sequences [26]. Thus, the fossil record would appear to
disfavor all of these extreme molecular estimates.
We find that the ages and geographical locations of
Dryopithecus and Ouranopithecus are both consistent with
scenario B. It has long been noted that no diagnosable
hominoid fossils have been found in Africa that date
between about 12 million years ago (perhaps the last
appearance of Kenyapithecus) and 9.5 million years ago (the
age of Samburupithecus, believed to be immediately ances-
tral to the African apes [27], although this fossil has yet to
be analyzed by parsimony). We suggest that this gap in
the African hominoid fossil record may represent historical
reality. The early African hominoids, such as Proconsul,
Afropithecus and Kenyapithecus, probably went extinct,
leaving no modern descendants in Africa. The ancestry of
the modern African ape lineage instead traces its roots
through Eurasia until about 10 million years ago, when a
great ape — perhaps similar to Ouranopithecus or Sambu-
rupithecus — most likely made its way back into sub-
Saharan Africa (Figure 1c). 
We note that this time corresponds to when the three-
toed horses and murid rodents first appeared in Africa [3],
and it is approximately the time we suggest that the
colobine monkeys dispersed out of Africa into Eurasia.
These primate dispersal events suggest that a suitable
(probably forested) connection between Africa and
Eurasia must have existed at this time, perhaps in the
southern portion of the Arabian peninsula (Figure 1c). If
these proposed primate dispersal pathways through what
is now the Arabian peninsula are correct, this suggests that
key hominoid and Old World monkey fossils should be
found in western Asia and the Arabian peninsula. Unfor-
tunately, this region appears to have had less paleoanthro-
pological study than other, more geopolitically-accessible,
regions of the world. 
Concluding remarks
Notice that dispersal scenario B is quite robust about the
exact phylogenetic positions of the Eurasian hominoid
fossils, all of which seem to be highly controversial among
paleoanthropologists (see for example [1,2,4]). Various
authors have, for example, argued that Dryopithecus
branches off before the divergence of the orangutans from
the African apes, or even before the divergence of the
lesser and great apes. Such rearrangements within the
Eurasian portion of the tree — between points X and Y in
Figure 2 — make no difference as to the likely number of
African–Eurasian dispersal events under the parsimony
argument (Figure 3, bottom trees). The same is true for
rearrangements of the fossil species within the African
portions of the tree (outside of points X and Y in Figure 2). 
We know of no fossils with clearly diagnosable traits that
are in conflict with dispersal scenario B. This hypothesis
could be falsified, however, if in future phylogenetic analy-
ses enough African fossils are placed within the Eurasian
ape portion of the tree (that is, between points X and Y in
Figure 2) to make an African origin of the modern apes
(scenario A) the most-parsimonious explanation. We hope
that paleoanthropologists will directly test this hypothesis
using rigorous methods of phylogenetic analysis, including
computer-assisted parsimony or likelihood methods
[16,17]. Such analyses will allow explicit phylogenetic
hypothesis testing in paleoanthropology, which is now
standard practice in molecular evolutionary studies [16]. 
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